Critical biogeochemical functions in the subsurface are associated with bacteria from new phyla and little studied lineages 
Introduction
Microbial metabolism is critical to the creation, maintenance and turnover of carbon and nitrogen sinks in the subsurface. The high proportion of uncultured and little-studied organisms present in subsurface environments (Wrighton et al., 2012; Castelle et al., 2013) , and the continued discovery of new microbial lineages implicated in major geochemical cycles (Green et al., 2010; Rasigraf et al., 2014) indicates that there is substantial metabolic diversity yet to be discovered within terrestrial sediments. Understanding and modelling geochemical cycling thus requires identification of, and metabolic prediction for, the microbial networks catalysing carbon, nitrogen and sulfur cycling in the subsurface.
The complexity of sediment microbial communities had prevented substantial metagenomic assembly until recently; with advances in sequencing technologies and bioinformatic methods, insight into the structure and function of diverse, low abundance sediment communities is now tractable through assembly and genome curation (Castelle et al., 2013; Kantor et al., 2013) .
Metagenomics provides simultaneous taxonomic identification and metabolic profiling for the community, or, with binning and genome curation, for specific organisms from the environment. Draft genomes from sediment-associated organisms have allowed definition of new radiations on the tree of life (Ettwig et al., 2009; Wrighton et al., 2012; Castelle et al., 2013; Rinke et al., 2013) , and prediction of previously unknown roles in biogeochemical cycles, including carbon fixation in Chloroflexi (Hug et al., 2013) and an abundance of fermentative processes in the saturated subsurface (Wrighton et al., 2012; 2014) . Microbial community compositions from sediments separated by tens of metres can share little to no overlap at the species level (Wu et al., 2008; Hug et al., 2015) , meaning current work has only scratched the surface of the true metabolic diversity of these environments.
Assembly and genome curation from metagenomic data are continually improving, including accommodation of uneven depths of coverage (Boisvert et al., 2012; Namiki et al., 2012; Peng et al., 2012) and better resolution of genome bins by combining physical characteristics (e.g., nucleotide composition) with time series coverage information (Dick et al., 2009; Albertsen et al., 2013; Sharon et al., 2013) . This is helping to resolve the genomic composition of complex communities. Despite these improvements, genomes from higher abundance organisms tend to fare poorly during assembly (Handley et al., 2014; Sharon et al., 2015) . The under-representation or absence of higher abundance organisms in metagenomic assemblies can lead to inaccurate descriptions of community composition, as well as missed or incomplete metabolic pathways important to community functions.
Here we conducted deep metagenomic sequencing of a sediment core from an alluvial aquifer adjacent to the Colorado River near the town of Rifle, CO, USA. The sediment was derived from a region unaffected by previous acetate amendment experiments within the aquifer (Williams et al., 2011) , allowing examination of the microbial community under 'native' conditions. Subsampling assembly methods were applied to improve re-construction of the more abundant organisms' genomes. Metabolic predictions regarding roles played by these organisms in carbon, nitrogen and sulfur cycles were bolstered by metaproteomic detection of protein expression. The organisms profiled represent previously unstudied lineages, and two are from newly identified phyla. The eight organisms are predicted to play interlinked roles in nitrogen, sulfur and carbon cycling.
Results and discussion

Sediment community metagenomics
A sediment core was drilled in the Rifle, CO, USA, aquifer on 20 July 2011; the location is upgradient from where previous acetate amendment and other perturbation experiments have been conducted. A monitoring well installed post-drilling allowed detailed geochemical analysis of the groundwater from the site (Table S1) Sediment samples were taken from depths of 3, 4, 5 and 6 m, with multiple independent DNA extractions yielding replicate samples for the 5 m depth. In total, seven lanes of Illumina HiSeq sequencing were utilized in this study: one lane for each of the 3, 4 and 6 m depths, and four lanes for the 5 m depth samples. The total sequence generated was 314 Gbp, with an average of 44.9 ± 3.8 Gbp per sample (Table S2 ). The 5 m sample #4 (5m_4) was selected to facilitate comparisons with a previous sample at 5 m depth from a distant location in the aquifer (Castelle et al., 2013; Hug et al., 2013; Sharon et al., 2015) . The 5m_4 sequence data were assembled for community composition and metabolic potential analyses.
Subsampling reads improves assembly of high coverage genomes
Subsampling the 5m_4 sequence data set was conducted to examine the effect of using smaller, less computationally intensive data sets for assembly. We used two approaches. First, we conducted a series of independent experiments using fractions of the reads independently sampled from the 5m_4 data set (i.e., with replacement). Second, we conducted sequential assemblies in which reads that assembled into contigs were removed from the read data set prior to subsequent samplings and assemblies (i.e., without replacement). Initial experiments with replacement were used to determine that 5% of the sequence data (17 M reads) was the minimum amount of sequence that would yield a useful assembly (here, defined as > 10 Mbp assembled, at least one contig > 20 000 bp). Notably, although this assembly generated a small amount of sequence compared with the full assembly (1317 Mbp), the highest coverage scaffolds from this assembly were not represented in the full data set assembly. A similar approach involving the use of a subset of the data to target high abundance genomes was used to reconstruct a draft genome of an Epsilonproteobacterium from Rifle sediment (Handley et al., 2014) . In that study, subsamples of a mere 0.3% of the multiple displacement amplified sequence data resulted in significantly improved initial genome reconstruction.
The experiments conducted without read replacement used an initial 5% subsample, followed by 10%, 20%, 33% and 50% subsamples. Results showed that doubling the amount of data assembled more than doubled the amount of assembled sequence generated (Fig. 1) . Further, the community compositions of the different subassemblies varied widely (Fig. 1) . The subassemblies were merged and compared with the full assembly that was performed in a single step. Results showed increased number and length of scaffolds with coverage values above 40× in the subassembly based data set (Fig. 2, main) . From the subsampled assemblies, a coverage level of 15-25× appears optimal for scaffold construction and extension. The effect of strain variation was examined, but the proportion of single nucleotide polymorphisms (SNPs) present in the subsampled reads versus the total reads were not substantially different. While the subsampled assemblies did not contribute a large proportion of the total assembled sequence length, they enabled reconstruction of higher abundance organisms' genomes that were otherwise not present (Fig. 2, inset) . From this, subsampling cannot be considered an acceptable replacement for assembling the complete data set, but instead provides complementary information for better coverage of the total community. B. Predicted community composition of each assembly from A, coloured by phylum, with proportion defined by summed length of contigs assigned to that phylum. Deeper subsampling dramatically changes the community composition.
Caption
Figure 2 Open in figure viewer PowerPoint
Subsampling assembly methods yield substantially better assembly of abundant community members. Main: coverage versus length plot for scaffolds from the full assembly (grey) and the merged subsampled and full assembly (purple). To highlight higher coverage scaffolds, only those with coverage > 40× and length > 5000 bp were plotted. Shared scaffolds between the two conditions will appear purple based on order of point plotting. Higher coverage scaffolds are over-represented in the subsampled assemblies. Inset: example of the effect of subsampling on reconstruction of the longest scaffold from the 5% sample assembly. The scaffold depicted belongs to the CSP1-1 Thaumarchaeota genome, present at ∼ 125× coverage in the full sample.
Deeper subsampling resulted in fragmented assembly of this region because of lack of coverage, whereas shallower subsamples and the full assembly also resulted in highly fragmented assembly for this region. For this analysis, the subsampling with replacement of reads method was utilized.
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Draft genomes for abundant organisms representing novel lineages
The sediment microbial community at 5 m depth in the aquifer is complex, characterized by numerous low abundance organisms from many phyla (Fig. 3) . In total, 133 individual organisms were assigned taxonomy through phylogenetic analysis of concatenated ribosomal protein alignments, generated from 16 genes located within a syntenic block on most genomes. The use of this set of genes precludes the need for genome binning (Hug et al., 2013) (Fig.   S1 ). Chloroflexi comprised both the most numerous and most abundant phylum, followed by Thaumarchaeota and the class Deltaproteobacteria (Fig. 3) .
Figure 3 Open in figure viewer PowerPoint
Unamended sediment contains a diverse, even microbial community. The bar plot contains the 133 most abundant organisms from the 5m_4 metagenome assembly, organized by phylum-level lineages with individual organism abundances reflected in the size of the stacked boxes. Read depth (coverage) of the scaffold containing the ribosomal protein syntenic block is plotted as a proxy for organism abundance. Note that the organisms classified as 'Novel/Unknown' are not related to one another. The eight genomes selected for curation are highlighted in colour. The most abundant organism, CSP1-1 in light green, is a Thaumarchaeota that recruits 0.7% of the total reads to its curated genome.
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All scaffolds from the merged assembly that represent the most abundant organisms (with > 20× coverage) were targeted for hybrid nucleotide composition and time series abundance emergent self-organizing map (ESOM)-based binning (see Experimental Procedures). This yielded nine preliminary genome bins (Fig. S2) , one of which (a Chloroflexi) was discarded based on estimates that the genome was < 50% complete. Post-curation, the eight genome bins contained between 82% and 100% of the expected single copy marker genes, with an average completeness of 93.7% (Table 1, Table S3 ). We determined the phylogenetic placement of the eight genomes, taking into consideration the recently suggested definition of 75% 16S rRNA nucleotide identity as a boundary for phylum-level lineages (Yarza et al., 2014) . However, we made two exceptions in cases where the organism's 16S rRNA sequence shared similar low identity levels with sequences from multiple phyla and had inconsistent placement across different marker gene phylogenies. Importantly, these lineages are clearly defined in phylogenetic analysis of both the 16S rRNA gene and concatenated ribosomal proteins. 

Percent completeness was determined using a set of 69 single copy marker genes for bacteria and 49 for the archaeon (see Table S3 for marker gene information).
The most abundant organism, CSP1-1, is a member of the Thaumarchaeota, an archaeal phylum Two of the bacterial genomes belong to organisms that cannot confidently be placed within a currently defined phylum (CSP1-2 and CSP1-6). The 16S rRNA gene from CSP1-2 shares at most 80-81% identity with genes from sequenced genomes, including representatives from three different phyla (Proteobacteria, Firmicutes and Thermodesulfobacteria). The CSP1-2 16S rRNA gene is assigned to the Deltaproteobacterial lineage Sh765B-TzT-29 by the SILVA database.
However, the sequence falls within the deepest branching of three separate Sh765B-TzT-29
clades on a 16S rRNA gene tree encompassing all Deltaproteobacteria (Fig. S5) et al., 2012; Kantor et al., 2013; Rinke et al., 2013; Brown et al., 2015) . The 16S rRNA gene from CSP1-7 shares at most 77% pairwise identity with sequenced genomes from the WWE3 phylum. Based on a 16S rRNA identity above 75%, as well as consistent placement associated with the WWE3, we define this organism as a representative of a novel class-level lineage within the WWE3. sequencing reads allocated to this genome.
Biogeochemical cycling predictions for abundant sedimentassociated organisms
Metabolic profiling of the eight most abundant organisms reveals varied but interconnected responses to the environmental conditions. Each organism, not unexpectedly, encodes a unique suite of pathways relevant to global biogeochemical cycles. Interestingly, the metabolic products from the eight organisms are likely utilized by others, forming an interconnected network of activities that promotes the abundance of the examined organisms (Fig. 4) . 
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Carbon
Of the eight profiled organisms, four are predicted to be autotrophic, spanning a variety of carbon fixation processes that convert CO2 to organic carbon, which is ultimately made available to heterotrophic community members. CSP1-1, the Thaumarchaeota, is predicted to be capable of carbon fixation using the archaeal 3-hydroxyproprionate/4-hydroxybutyrate pathway, as described in Nitrosopumilus maritimus strain SCM1 (Walker et al., 2010 operons: both large subunits associate with the form I RuBisCOs, specifically the ChloroflexiCSP1-4 protein with the group IC RuBisCOs, whereas the NC10 CSP1-5 protein belongs to group ID (Fig. S7) . Both operons share a cbbL-cbbS-cbbX canonical structure, with the Chloroflexi CSP1-4 genome having an additional upstream RuBisCO transcriptional regulator cbbR. The Chloroflexi CSP1-4 also encodes an aerobic carbon monoxide dehydrogenase complex, which may form CO2 from CO to feed into the Calvin-BensonBassham (CBB) cycle for carbon fixation. In a previous profile of sediment Chloroflexi from the Rifle site, no RuBisCOs were identified aside from a small number of RuBisCO-like form IV genes (Hug et al., 2013) ; hence, this is the first report of a form I RuBisCO from a subsurface Chloroflexi. The type strain for the NC10 phylum, Candidatus M. oxyfera has been shown to encode and transcribe genes for the CBB cycle for carbon assimilation (Rasigraf et al., 2014) , making this a conserved metabolic feature in the NC10 to date. Beyond the RuBisCOs, both genomes contain predicted genes for the complete CBB cycle, several of which are detected in the metaproteomic data (Table S4) .
Finally, the Armatimonadetes CSP1-3 encodes a carbon monoxide dehydrogenase/acetyl-CoA synthetase complex that is predicted to generate acetyl-CoA from CO2 as part of the WoodLjungdahl pathway. The CSP1-3 genome encodes a complete Wood-Ljungdahl pathway on a single scaffold whose final gene is a formate dehydrogenase alpha subunit (fdhA). The other fdh subunits are absent, but are expected to be present in the complete genome.
The remaining four organisms derive carbon for growth from organic sources. The CandidatusDadabacteria CSP1-2's genome encodes glycolysis, a complete TCA cycle, and a canonical electron transport chain for oxidative phosphorylation, including a cytochrome c oxidase. The Rifle bulk groundwater contained 0.784 mg l −1 dissolved oxygen (Table S2) , meaning aerobic metabolisms may be functional in microenvironments. The Dadabacteria genome also encodes a nitrite reductase forming ammonium (see below), making it likely that nitrate is the terminal electron acceptor for CSP1-2 in anaerobic conditions.
The Candidatus Rokubacteria CSP1-6 is a predicted acetoclastic heterotroph likely also utilizing beta-oxidation of fatty acids for energy. The CSP1-6 genome encodes an AMP-dependent acetylCoA synthetase, predicted to convert acetate to acetyl-CoA, which then feeds into a complete TCA cycle and downstream electron transport chain. A second annotated acetyl-CoA synthetase is a mitochondrial-type medium chain acyl-CoA synthetase (MACS). MACS enzymes function in beta-oxidation in eukaryotes, forming the initial acyl-CoA substrate, but have been shown to activate shorter chain fatty acids like 2-methylbutyrate, acetate and butyrate in microorganisms (Meng et al., 2010) . A complete beta-oxidation pathway was identified in the genome, including 8 acyl-CoA synthetases (long, medium and short-chain specific) as well as 16 annotated enoylCoA hydratases, making fatty acid degradation likely an important aspect of CSP1-6's metabolism. The genome additionally contains a complete pathway for butyrate metabolism, making butyrate a likely by-product released to the environment. The CSP1-6 genome is missing several key glycolysis genes, including phosphoglycerate kinase and pyruvate kinase, suggesting it cannot utilize sugars for energy. Like CSP1-2, the CSP1-6 genome encodes a single-chain pyruvate ferrodoxin oxidoreductase linked to electron transfer to nitrate during denitrification. Finally, the CSP1-6 genome contains an aerobic carbon monoxide dehydrogenase, coxLcoxS gene pair found in carboxydotrophs, meaning it may be able to oxidize CO to CO2.
In keeping with the predictions of universally conserved fermentative and symbiotic lifestyles for members of the CPR (Wrighton et al., 2012; Kantor et al., 2013; Rinke et al., 2013; Brown et al., 2015) , the WWE3 CSP1-7 genome lacks many core metabolic pathways, including a complete absence of a TCA cycle, electron transport chain, ATP synthase and most amino acid synthesis pathways, as well as an incomplete glycolysis pathway. The majority of the enzymes of the pentose phosphate pathway are present, possibly for generation of reducing equivalents. In the absence of any predicted enzymes for nucleotide or aromatic amino acids synthesis, it is unlikely the pentose phosphate pathway products act as precursor molecules as seen in other organisms. The CSP1-7 genome contains a nickel-dependent coenzyme-F420-reducing hydrogenase, but none of the genes involved in F420 cofactor synthesis, nor does it encode any canonical fermentative pathways. The means of energy generation for this organism are enigmatic, but likely involve fermentative processes encoded in the ∼ 40% of proteins with no predicted function or annotation on the genome. The presence of a WWE3 among the most abundant organisms, and the identification of several other members of the CPR within the community (Fig. 3) are evidence that native conditions in the aquifer support significant fermentative growth and underline the likely importance of this mode of life in subsurface environments.
The final heterotrophic organism is the Deltaproteobacteria CSP1-8, whose draft genome encodes near-complete glycolysis and TCA cycles, lacking pyruvate kinase and succinyl-CoA synthetase respectively. The genome also encodes a pyruvate dehydrogenase complex and complete canonical electron transfer chain ( Table S4 ). Given that the genome encodes a respiratory nitrate reductase (NarG), this member of the Deltaproteobacteria may be capable of anaerobic respiration as well as aerobic growth. The missing enzymes may be present on the complete genome, or the organism may instead rely on a complete beta-oxidation pathway also present for energy generation. The genome does not contain hydrogenases, genes associated with acetogenesis, the final steps of butyrate fermentation or other hallmarks of a fermentative metabolism.
The production of CO2 by heterotrophs and its utilization by autotrophs forms an interlinked subsurface microbial community network. New carbon resources are introduced to the community through the degradation of organic matter by heterotrophic and mixotrophic metabolisms and by autotrophic fixation of CO2 derived from biotic and abiotic sources within the saturated sediment matrix.
Nitrogen
The CSP1 groundwater near the time of sediment sampling contained high nitrate (103 μM) and low ammonium (1.64 μM), a general trend that has been stable at this site for at least 2 years (Hug et al., 2015) . Despite the conditions at the site, the most abundant organism in this data set, CSP1-1 Thaumarchaeota, is not a nitrate reducer, but rather a potential ammonia-oxidizing archaea (AOA). The CSP1-1 genome contains a complete ammonia monooxygenase (amoABC) operon, the machinery for AOA's high-affinity ammonia oxidation activity (Martens-Habbena et al., 2009; Walker et al., 2010) . Although the concentration of ammonia in the groundwater at the site is low, ammonia sorbed to sediments as well as ammonia produced by the surrounding microbial community may lead to significantly higher local ammonia concentrations than are detectable in bulk groundwater measurements. Further, two of the other most abundant organisms encode dissimilarity nitrate reduction to ammonia ( Arrows are coloured by organism as in Fig. 3 . Solid arrows indicate proteins and processes detected from groundwater metaproteomic efforts, dashed arrows correspond to predicted proteins not identified in the proteomic data.
A. Predicted nitrogen cycle activities. DNRA = dissimilatory nitrate reduction to ammonia.
B. Predicted sulfur cycle activities.
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The abundant bacteria from the CSP1_5m_4 community are nearly all predicted to function in nitrogen cycling, with specific compounds apparently acting as metabolic hand-offs between community members (these organisms or others within the broader community). Only the WWE3 CSP1-7 is not predicted to use nitrogen compounds, a finding in-keeping with the expected reduced metabolic lifestyle for organisms within the CPR (Wrighton et al., 2012; Kantor et al., 2013; Brown et al., 2015) . Nitrate reduction is a common feature of the abundant organisms from this site: five of the seven bacteria encode nitrate reductases (Fig. 5) . CSP1-2, the Ca. Dadabacteria, is predicted to convert nitrate to nitrite, and then nitrite either to ammonia, based on the presence of nirBD, or to nitric oxide (NO), based on an encoded nirK.
The Deltaproteobacteria CSP1-8 shares the predicted DNRA function, whereas the Armatimonadetes CSP1-3 shares the nirK predicted nitrite reduction to NO. Although none of the eight organisms profiled here encode a nitric oxide reductase, there are at least three norBC(DEQ) operons within the assembled but unbinned CSP1_5m_4 metagenome, suggesting this missing link for denitrification is present within the community. Completing denitrification, nitrous oxide is predicted to be converted to nitrogen gas by both the CSP1- Notably, the CP NC10 CSP1-5 does not appear to share the nitrite-dependent anaerobic methane oxidation activities of the type strain for the phylum. The CSP1-5 genome does not contain any genes associated with methane oxidation (pmoABC) or the nirSJFD operon for conversion of 2 NO2 to 2 NO. Additionally absent is a quinol-dependent NO reductase. The genome does contain a nar operon as well as a blue copper nirK nitrite reductase, suggesting it is actively involved in nitrogen cycling, although not capable of conducting methane oxidation. The genome also encodes the machinery for methylotrophy, including a methanol dehydrogenase, formate dehydrogenase, a bifunctional 5,10-methylene-tetrahydrofolate dehydrogenase/5,10-methylenetetrahydrofolate cyclohydrolase and a methylene tetrahydromethanopterin dehydrogenase (mtdB). The phylogenetic distance between the CSP1-5 NC10 and the type strain Candidatus M. oxyfera clarifies the boundaries of denitrification coupled to methane oxidation as a trait within the NC10 phylum (Fig. S6 ).
Sulfur
The ambient sulfate concentration at the site was 8. . Given the abundant sulfate at the site, it is not surprising that the majority of the abundant organisms are predicted to reduce sulfate (Fig. 5) . The network of sulfur compound conversions predicted from the profiled genomes includes complete assimilatory sulfate reduction, sulfur oxidation and thiosulfate reduction and assimilation. Of the eight organisms, only the WWE-3 CSP1-7 is not predicted to be involved in sulfur conversions.
Six of the seven organisms predicted to assimilate sulfur through sulfate reduction encode partial or fragmented pathways, suggesting that complete sulfate reduction occurs through the functions of multiple organisms, with compounds handed off at different points in the pathway. The capacity to incorporate thiosulfate is typically encoded on these genomes, with its reduction to sulfite predicted for six of the seven organisms, and its direct conversion to hydrogen sulfide additionally encoded by three genomes (Fig. 5) . The CSP1-1 Thaumarchaeotaencodes a disjointed sulfate assimilation pathway, with sulfate adenylate transferase (sat), phosphoadenosine phosphosulfate reductase (PAPS reductase, cysH) and thiosulfate sulfurtransferase present on the genome. Sulfite is predicted to be formed from both PAPS and thiosulfate, but no mechanisms for conversion of adenosine phosphosulfate to PAPS, or for sulfite to hydrogen sulfide were identified on the genome. The CSP1-2 Ca. Dadabacteria encodes sulfate reduction through to sulfite, as well as thiosulfate reduction to sulfite, but no further steps for sulfite reduction. The genome does contain a cysK for sulfide assimilation to organic sulfur, but no mechanism for conversion of sulfite to sulfide, suggesting that reaction may instead be occurring in the flanking microbial community. The CSP1-3 Armatimonadeteshas a near-complete assimilatory sulfate reduction pathway, lacking only a PAPS reductase or other mechanism to form sulfite. Unlike the other six organisms, CSP1-3 does not encode any means to recruit thiosulfate into its sulfate assimilation pathway. The CSP1-4 Chloroflexi and CSP-5 NC10 genomes encode identical functions within the sulfur cycle: nearcomplete sulfate reduction pathways lacking only sulfite reductase. Both encode sulfite oxidases, suggesting the main direction of sulfite conversion in these organisms is oxidation to sulfate, coupled to electrons passed to the complete electron transport chains for downstream ATP synthesis. The CSP1-4 and CSP1-5 genomes are predicted to be able to convert thiosulfate to hydrogen sulfide and subsequently to organic sulfur. The CSP-8 Deltaproteobacteria rounds out the six organisms with partial sulfate reduction pathways. The genome lacks sulfite reductase as well as the ability to convert thiosulfate to hydrogen sulfide -another example where a different member of the microbial community may be responsible for conversion of sulfite to hydrogen sulfide.
The CSP1-6 Ca. Rokubacteria contains a remarkable suite of sulfur genes, including the only complete assimilatory sulfate reduction pathway found in the eight genomes surveyed. The genome additionally encodes the genes for conversion of thiosulfate to both sulfite and hydrogen sulfide, for eventual sulfur assimilation. Remarkably, and uniquely within the abundant organisms, the Ca. Rokubacteria also encodes a sox operon for oxidation of thiosulfate to sulfate.
This reaction is likely energetically unfavourable given the local concentrations of sulfate, but the pathway contributes to this organism's potential repertoire of sulfur conversions. In summary, Ca. Rokubacteria has the ability to oxidize thiosulfate to sulfate and the complete sulfate reduction pathway, as well as two additional mechanisms to incorporate thiosulfate into organic matter. As this is the first genome sequence for this lineage, it will remain to be seen whether these functions are typically associated with this candidate phylum. If so, the Ca. Rokubacteria may represent important and currently unrecognized players within the sulfur cycle.
Metaproteomics confirms expression of key genes in the subsurface
From a concurrent experiment conducted at the Rifle site, we had access to metaproteomic data from groundwater sampled in June and July of 2013 from a site adjacent to the CSP1 sediment core. The eight organisms discussed here were present in the groundwater at this time, although at markedly lower abundances (average coverage of 2.35× ± 3.36 in groundwater sequence compared with average coverage of 52.5× ± 28.53 in the sediment metagenome) (Hug et al., 2015) . Many key proteins for the metabolic pathways described above were identified from 2 dimensional liquid chromatography tandem mass spectrometry (2D-LC-MS/MS) peptide spectra, although the low abundance of the profiled organisms precluded sufficient spectral counts for statistical analyses of expression differences across filter sizes or environmental conditions. Detection of these proteins, including both RuBisCOs, numerous nitrate reductase subunits, the CSP1-1 AmoABC and components of the Sox pathway from the CSP1-6 Ca. Rokubacteria (Fig. 5) , provides evidence that these functions are active within the sediment-associated community and may be contributing to geochemical cycling as predicted.
The full list of described genes from the eight profiled organisms is presented in Table S4 , alongside the peptide hits for each protein of interest.
Summary
